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(67)  Problem

To provide an antioxidant, an antioxidant composi-
tion, and a method for producing the antioxidant and the
antioxidant composition, which feature a high content
rate and degree of extraction of substances. These sub-
stances are taurine, glycogen, protein, so-called blood
platelet anticoagulant with zinc, fat-soluble vitamin with
a high activation such as vitamin D, and other useful sub-
stances. The antioxidant and the antioxidant composition
also feature a so-called antioxidative property, which has
recently attracted attention.
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Description
Technical Field

[0001] The presentinvention relates to an antioxidant,
an antioxidant composition, and a method for producing
the antioxidant and the antioxidant composition. Espe-
cially, the present invention relates to an antioxidant and
an antioxidant composition produced from an oyster
meat and a method for producing the antioxidant and the
antioxidant composition.

Background Art

[0002] Conventionally, various methods to extract an
extract including various active ingredients from an oys-
ter meat and to produce health food including the active
ingredient extract from the oyster meat have been de-
vised. Healthy ingredients including active ingredient ex-
tracted from oyster meat are recognized as so-called di-
etary supplement products. The healthy ingredients at-
tract attention in general as extremely superior product
having many beneficial substances. Currently, dietary
supplement products regarding a wide variety of active
ingredients extracted from oyster meat produced by a
wide variety of production methods are sold.

[0003] Food products regarding the extractfrom oyster
meat produced as follows are conventionally and gener-
ally known. A liquid extract containing the active ingredi-
ent extract from oyster meat is, for example, sprayed to
a predetermined drum-shaped dehydrated body. The
drum-shaped dehydrated body itself is heated for drying.
Alternatively, a liquid extract containing the extract from
oyster meat is frozen to dehydrate. The extraction and
production of the active ingredient extract from oyster
meat is, as described above, preferred to be performed
as follows. The active ingredient extract from oyster meat
can be extracted and produced such that a large amount
of sources of nutritional benefitsuch as glycogen, taurine,
protein, or similar material and so-called blood platelet
anticoagulant, which contains zinc or similar material,
can be contained, and the oyster meat extract can be
recovered efficiently.

[0004]

[Patent document 1] Japanese Unexamined Pat-
ent Application Publication No. 2010-193756

Disclosure of the Invention
Problems be Solved by the Invention

[0005] Thepresentinventionis classed as aninvention
in a series of the above-described conventional original
ideas. One of its objectives is to provide an antioxidant
from oyster meat extract, an antioxidantcomposition, and
a method for producing the antioxidant and the antioxi-
dant composition. The antioxidant and the antioxidant
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composition feature high content rate and degree of ex-
traction of substances. These substances contain tau-
rine, glycogen, protein, and so-called blood platelet an-
ticoagulant, which contains zinc, fat-soluble vitamin with
high activation such as vitamin D, and other useful sub-
stances. The antioxidant and the antioxidant composition
also feature a so-called antioxidative property, which has
recently attracted attention. For example, the antioxidant
and the antioxidant composition generated from an oys-
ter meat and an oyster meat extract containing the anti-
oxidant composition can be efficiently extracted. Accord-
ingly, a large amount of the antioxidant and the antioxi-
dant composition can be extracted from the oyster meat
extract and contained for production.

[0006] It is generally known that reactive oxygen is
generated by aerobic life and causes oxidation of lipid,
protein, and nucleic acid, thus damaging a cell. Usually,
the oxidation level of a living body is maintained substan-
tially constant by a balance between a reactive oxygen
producing system and a scavenging system using an
antioxidant substance. The balance is lost due to various
factors such as drugs, radiation, ischemia, or similar
cause. An inclination to the reactive oxygen producing
system is referred to as oxidant stress. It is considered
that accumulation of oxidant stress is one cause of var-
jous diseases such as cancer, arteriosclerotic disease,
an ischemia/reperfusion injury, chronic rheumatoid ar-
thritis, diabetes, a neurological disorder such as an
Alzheimer’s disease and a Parkinson’s disease; and ag-
ing.

[0007] So-called antioxidant substances are broadly
classified into two groups according to constitution. As
an enzymatic antioxidant substance, superoxidedis-
mutase (SOD), catalase (CAT), glutathioneperoxidase
(GPx), glutathioneS-transferase (GST), glutathionere-
ductase, peroxiredoxin (Prx), and similar material are list-
ed. On the other hand, as a non-enzymatic antioxidant
substance, ascorbicacid, o-tocopherol, glutathione
(GSH), carotenoids, flavonoids, metallothionein, and
similar material are included.

[0008] An oyster, for example, Crassostreagigas is a
bivalve belonging to a family Ostreidae in the order Pte-
rioida. The habitat covers the entire East Asia region in-
cluding Japan. Nowadays, a Japanese oyster is also cul-
tivated in France and Australia, and is renowned as the
most eaten oyster in the world. Since itis highly nutritious,
the oyster has been used for food since ancient times.
As described above, it is said that the oyster includes a
large amount of minerals such as calcium, zinc, seleni-
um, copper, manganese, or similar material as well as
glycogen and protein. As an antioxidant substance de-
rived from the oyster, SOD, CAT, GPx, and Prx6 are re-
ported as an enzymatic antioxidant substance and met-
allothionein, while uncouplingprotein5 (UCP5), ascorbic
acid, a-tocopherol, and B-carotene are reported as anon-
enzymatic antioxidant substance.

[0009] However, the inventors of the presentinvention
have succeeded to find a so-called novel and excellent
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antioxidantsubstance from an oyster. The inventors have
also succeeded to determine the chemical constitution
and conduct the chemosynthesis of the antioxidant sub-
stance. Thus, the inventors have succeeded to provide
a so-called novel and excellent antioxidant and antioxi-
dant composition in both cases where the substance is
not derived from the oyster and is derived from the oyster.
The antioxidant capacity of the substance was also able
to be confirmed by an oxidation experiment of human
low-density lipoproteins (LDL) and an oxidation experi-
ment of a cell line in a liver.

Means for Solving the Problem

[0010] The present invention is characterized as fol-
lows. The present invention is an antioxidant including
3,5-dihydroxy-4-methoxybenzyl alcohol. Or, the present
invention is an antioxidant composition including 3,5-di-
hydroxy-4-methoxybenzyl alcohol. Or, the presentinven-
tion is constituted to include 3,5-dihydroxy-4-methoxy-
benzyl alcohol contained in a product generated from an
oyster meat. Or, the present invention is constituted to
include 3,5-dihydroxy-4-methoxybenzyl alcohol con-
tained in an extract extracted from an oyster meat. Or,
the present invention recovers a 3,5-dihydroxy-4-meth-
oxybenzyl alcohol fraction from an oyster meat using
ethyl acetate. Or, the present invention recovers a 3,5-
dihydroxy-4-methoxybenzyl alcohol fraction from an oys-
ter meat using ethyl acetate and ethanol. Or, the present
invention stores an oyster meat in an extraction container
where an extraction solution is accumulated, collects a
solution with an oyster meat extract, adds ethyl acetate
to the collected solution with an oyster meat extract, and
recovers a 3,5-dihydroxy-4-methoxybenzyl alcohol frac-
tion. Or, the present invention stores an oyster meat in
an extraction container where an extraction solution is
accumulated, collects a solution with an oyster meat ex-
tract, adds ethyl acetate and ethanol to the collected so-
lution with an oyster meat extract, and recovers a 3,5-
dihydroxy-4-methoxybenzyl alcohol fraction. Or, the
present invention stores an oyster meat in an extraction
container where an extraction solution is accumulated,
collects a solution with an oyster meat extract, adds eth-
anol to a collected solution with an oyster meat extract
to separate the solution into a supernatant and a precip-
itate, removes the separated supernatant, adds ethyl ac-
etate to the supernatant to separate the solution into an
ethyl acetate layer and a water layer, concentrates a so-
lution of the separated ethyl acetate layer, and recovers
a 3,5-dihydroxy-4-methoxybenzyl alcohol fraction.

Advantages of the Invention

[0011] With the present invention, an antioxidant and
an antioxidant composition including 3,5-dihydroxy-4-
methoxybenzyl alcohol derived from an oyster, or not de-
rived from the oyster can be provided. Also, the present
invention achieves an excellent effect where a product
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with an oyster meat extract can be provided. The product
with an oyster meat extract includes a comparatively
large amount of antioxidant compositions that feature a
so-called antioxidative property. Also, the product with
the oyster meat extract features high content rate and
degree of extraction of substances. These substances
include taurine, glycogen, protein, and so-called blood
platelet anticoagulant, which contains zinc, fat-soluble
vitamin with high activation such as vitamin D, and other
useful substances.

Brief Description of Drawings
[0012]

Fig. 1is a schematic configuration explanatory view
(1) illustrating a schematic configuration of the
present invention;

Fig. 2 is a schematic configuration explanatory view
(2) illustrating the schematic configuration of the
present invention;

Fig. 3 is an explanatory view illustrating a flowchart
of the present invention;

Fig. 4is an explanatory view illustrating a state where
apolarity of an organic solventisincreased in phases
to extract 3,5-dihydroxy-4-methoxybenzyl alcohol;
Fig. 5 is an explanatory view illustrating a result of
an antioxidant activity test of each extract;

Fig. 6 is an explanatory view illustrating an extract
using a silica open column;

Fig. 7 is an explanatory view illustrating an ethyl ac-
etate fraction extract;

Fig. 8is an explanatory view illustrating a constitution
of 3,5-dihydroxy-4-methoxybenzyl alcohol extracted
according to the present invention;

Fig. 9 is an explanatory view illustrating a measure-
ment principle of an ORAC method;

Fig. 10 is an explanatory view illustrating an antioxi-
dant capacity of 3,5-dihydroxy-4-methoxybenzyl al-
cohol according to the present invention;

Fig. 11 is an explanatory view illustrating a state
where a degree of oxidation of LDL is quantitated by
a TBARS method;

Fig. 12 is an explanatory view illustrating a principle
of a fluorescence of diphenyl-1-pyrenlphosphine
(DPPP);

Fig. 13 is an explanatory view illustrating a state of
oxidation inhibition by a cell where 3,5-dihydroxy-4-
methoxybenzyl alcohol is doped according to the
present invention;

Fig. 14 is an explanatory view (1) illustrating a struc-
tural analysis of 3,5-dihydroxy-4-methoxybenzyl al-
cohol according to the present invention;

Fig. 15 is an explanatory view (2) illustrating the
structural analysis of 3,5-dihydroxy-4-methoxyben-
zyl alcohol according to the present invention; and
Fig. 16 is an explanatory view illustrating a chem-
osynthesis of 3,5-dihydroxy-4-methoxybenzyl alco-
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hol.
Best Mode for Carrying Out the Invention

[0013] The following describes the present invention
based on one working example illustrated in the draw-
ings.

Working Example

[0014] InFig.1andFig.2, reference numeral 1denotes
an extraction container. The extraction container 1 accu-
mulates an extraction solution 2 to extract an extraction
from an oyster meat. Then, raw oyster meat 3 is stored
in the extraction container 1 accumulating the extraction
solution 2. Thus, the extraction containing various active
ingredients of the oyster meat is extracted.

[0015] Conventionally, when extracting the oyster
meat extract, the extraction solution 2 in the extraction
container 1 where the oyster meat 3 is stored may be
stirred for further efficient extraction. This damages the
oyster meat 3 itself; therefore, itis preferred that a stirring
operation be not performed during the extraction step.
The extraction solution 2 where the oyster meat extract
is extracted as described above is then concentrated in
a concentration step.

[0016] Next, an ethanol solution 4 is added to a con-
centrated liquid 6. Thus, a solution with an ethanol con-
centration approximately 70% is formed. Then, the solu-
tion is stirred and separated into a precipitate 7 and a
supernatant 8. As seen from Fig. 1, the precipitate 7 is
dehydrated, made into tablets, and finally provided to
health food or similar product.

[0017] Conventionally, it has been regarded that the
supernatant 8 did not include any active ingredient of the
oyster meat extract or include a trace amount of the oys-
ter meat extract. Therefore, the supernatant 8 was dis-
posed. However, afterwards, according to experiment
and study results, it was found that the supernatant 8
included many active ingredients regarding the oyster
meat extract. Currently, the supernatant 8 is used without
being disposed. Nowadays, the supernatant 8 is concen-
trated again, and the concentrated liquid is finally dehy-
drated. The dehydrated material does notbecome a com-
plete solid material shape but can be formed into a paste
shape. Accordingly, the dehydrated material is produced
as a paste-type health food or similar product. Then, this
paste-type health food is dissolved in hot water or similar
liquid by a customer and provided as a health food bev-
erage.

[0018] First, thisworking example recovered the oyster
meat extract containing 3,5-dihydroxy-4-methoxybenzyl
alcohol, which will be describe later, using the superna-
tant 8. That is, after dissolving the solution into the pre-
cipitate 7 and the supernatant 8 as described above, eth-
anol was removed from the supernatant 8 by an evapo-
rator or similar apparatus. Then, the supernatant 8 was
concentrated until the amount of the supernatant 8 be-
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comes approximately half. For example, the supernatant
8 of 40 mL was concentrated to obtain concentrated liquid
9, which is the supernatant 8 of 20 mL.

[0019] Next, the concentrated liquid of 20 mL was di-
luted so as to be 5 times the concentrated liquid to gen-
erate a diluted solution 10. For example, the concentrat-
ed liquid of 20 mL became the diluted solution 10 with
the amount of 100 mL. This step was performed to re-
move impurities as much as possible. Then, for example,
ethyl acetate 5 of approximately 200 mL was, for exam-
ple, added into the solution of the diluted solution 10 of
100 mL. Then, the solution was separated into a water
layer 10 and an ethyl acetate layer 11 by stirring or similar
method or by using a separator. Over time, the mixed
solution was separated into the water layer 10 and the
ethyl acetate layer 11.

[0020] Then, it was confirmed that the ethyl acetate
layer 11 included 3,5-dihydroxy-4-methoxybenzyl alco-
hol, which will be described below. Regarding the amount
of the confirmed 3,5-dihydroxy-4-methoxybenzyl alco-
hol, specifically, it was confirmed that the ethyl acetate
layer 11 collected approximately 2 L included 3,5-dihy-
droxy-4-methoxybenzyl alcohol of approximately 3 mg.

[0021] Next, the following will be described: what proc-
ess separates and purifies the 3,5-dihydroxy-4-methoxy-
benzyl alcohol from the oyster meat extract, how to con-
firm the presence of the 3,5-dihydroxy-4-methoxybenzyl
alcohol in the oyster meat extract, what constitutes the
3,5-dihydroxy-4-methoxybenzyl alcohol, and how to con-
firm the antioxidant effect of the 3,5-dihydroxy-4-meth-
oxybenzyl alcohol.

[0022] The description will be given with reference to
the flowchartillustrated in Fig. 3. For example, the oyster
meat 3 was added in the extraction solution 2 containing
the ethanol solution 4 to extract an active ingredient ex-
tract from oyster meat (Step 100 and Step 102). After
extraction, the extract liquid was concentrated (Step
104). Then, for example, the ethanol solution 4 was add-
ed to the concentrated liquid 6 to make the concentrated
liquid 6 be a solution with an ethanol concentration of
approximately 70% (Step 106). Then, the solution was
stirred to separate it into the precipitate 7 and the super-
natant 8 (Step 108).

[0023] Then,usingthe supernatant8, an extraction op-
eration using ethyl acetate, which extracts 3,5-dihydroxy-
4-methoxybenzyl alcohol, was performed. As seen from
Fig. 3, the ethanol was removed (Step 110) and chloro-
form, ethyl acetate, and butanol were added from the
respective hexanes to the supernatant 8 that were diluted
approximately five times, so as to generate fractions of
the respective substances.

[0024] For example, the solution was concentrated up
to 100 mL by a rotary evaporator or similar apparatus.
For example, a distilled water of 80 mL was added to the
concentrated liquid of 20 mL, the solution was transferred
to a separation funnel, and hexane extraction was per-
formed. After removal of a hexane layer (200 mL), a chlo-
roform, of 200 mL, an ethyl acetate of 200 mL, and a
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butanol of 200 mL were extracted from the water layer
step-by-step in this order. That is, the polarity of the or-
ganic solvent to extract 3,5-dihydroxy-4-methoxybenzyl
alcohol was increased step-by-step. Fractions where the
respective organic solvents were added were generated.
Whether the 3,5-dihydroxy-4-methoxybenzyl alcohol
was extracted to each of the fractions or not is confirmed
(see Fig. 4).

[0025] Next, after concentrating the fractions where
the respective organic solvents have been added, for ex-
ample, by an evaporator, the fractions were observed
with a Thin-Layer-Chromatography (hereinafter referred
to as TLC). Then, antioxidative potency was searched
by a so-called OxygenRadicalAbsorbanceCapacity
method (ORAC method). As a result, it was confirmed
that in the TLC image, the fractions were eluted in order
of the fraction with the lower polarity to the fraction with
higher polarity, that is, in order of hexane, chloroform,
ethyl acetate, and butanol.

[0026] In the ethyl acetate fraction, a plateau portion
was observed by the ORAC method, and a high antioxi-
dant capacity was recognized in the ethyl acetate frac-
tion. Accordingly, it was determined that 3,5-dihydroxy-
4-methoxybenzyl alcohol existed in the ethyl acetate frac-
tion (see Fig. 5, Step 112).

[0027] Next, after concentrating the ethyl acetate frac-
tion by the evaporator, extraction using a so-called silica
open column was performed (Fig. 6, Step 114). An ex-
traction fraction where the proportion between ethyl ac-
etate and chloroform is 3:2 was selected (see Fig. 7).
Finally, 3,5-dihydroxy-4-methoxybenzyl alcohol was
able to be separated and purified from the fraction by
reverse-phase column (HPLC) (Step 116). Thus, 3,5-di-
hydroxy-4-methoxybenzyl alcohol was able to be sepa-
rated and purified from the supernatant 8 where the oys-
ter meat extract has been extracted.

[0028] The 3,5-dihydroxy-4-methoxybenzyl alcohol
can be separated and purified by the following operation.
First, Trolox (Wako) or a test sample of 0.05 mL dissolved
in a mixed solution of 0.075 mol/L phosphoric acid buffer
solution 2.3 of 5 mL, 6.3 x 10-7 mol/L Fluorescein (fluo-
rescent probe) of 0.3 mL, and 7% (w/v) methylated B-
cyclodextrin (Wako) was warmed for 10 minutes at 37°C.
[0029] 1.28 x 10" mol/L2, 2’-azobis(2-amidinopro-
pane) dihydrochloride (AAPH, Wako), which has been
preliminarily warmed at 37°C, was added by 0.3 mL. For
example, while stirring with a stirrer, a fluorescence in-
tensity (excitation wavelength: 493 nm, fluorescence
wavelength: 515 nm) was measured for every 10 sec-
onds and up to 5, 000 seconds by a spectrofluoropho-
tometer (FP-6500, JASCO, Tokyo).

[0030] An antioxidant activity is indicated by length of
period (for example, the horizontal axis in Fig. 5) during
which a measured fluorescence value (the vertical axis
in the same drawing) at the start of measurement is main-
tained. The longer the period, the stronger the antioxidant
activity is. The antioxidant activity was confirmed in the
ethyl acetate extract fraction among the four kinds of the
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extract fractions.

[0031] Next, a silica gel thin layer fractionation chro-
matography of normal phase is performed on the ethyl
acetate extract showing an antioxidant activity. Using a
silica gel thin layer plate (200 x 200 mm, thickness: 0.5
mm, Merck, Darmstadt), and ethyl acetate-chloroform (2:
1, v/v) was used as a mobile phase. An ultraviolet lamp
(254 nm) was irradiated to the plate after deploymentand
11 fractions with ultraviolet absorption feature were ob-
tained. The sample of each fraction was separated to-
gether with a gel carrier. For example, when the antioxi-
dant activity was measured after elution with methanol,
the antioxidant activity was observed in the sixth fraction
from the low polarity side.

[0032] Furthermore, the fraction showing antioxidant
activity in the Thin-Layer-Chromatography was purified
by a high performance liquid chromatography (HPLC).
The fraction was separated at room temperature using
a HPLC system (pump : L-2130, UV detector: L-2420,
HITACHI, Tokyo), a reverse-phase column
(APCELLPACC18, 250 x 4.6 mm 1.D., SHISEIDO, To-
kyo), and a mobile phase with acetonitrile solution of 5%
(flow rate: 1.0 mL/min). Also this operation finally obtains
3,5-dihydroxy-4-methoxybenzyl alcohol of 3.0 mg from
ethanol extract liquid of 160 mL, which is the source ma-
terial.

[0033] The presence of the 3,5-dihydroxy-4-methoxy-
benzyl alcohol was presumed as follows. An ultraviolet
absorption spectrum (V-530, JASCO), a nuclear mag-
neticresonance spectrum (NMR: AMX-500, Bruker, Karl-
sruhe), and a mass spectrum (JMS-T100CS, JEOL, To-
kyo) were measured, and structural analysis was per-
formed (Fig. 14 and Fig. 15). As a result, the constitution
of the substance that was separated and purified was
presumed as 3,5-dihydroxy-4-methoxybenzyl alcohol
(Fig. 15).

Condition

[0034] UV (EtOH), Apax 270 nm; TH-NMR (500 MHz,
Acetone-dg) d: 7.82 (2H, br.s, aromatic-OH), 6.40 (2H,
s, H-2, 6), 4.42 (2H, s, H-1"), 3.94 (1H, br.s, -OH), 3.79
(3H, s, -OMe); 3C-NMR (125 MHz, Acetone-dg) 8¢:
151.1 (C-3, 5), 139.4 (C-1), 13, 5.1 (C-4), 106.5 (C-2, 6),
64.5 (C-1’), 60.6 (-OMe); ESI-TOFMS, m/z153.05451
[M-OH]J* (calc. for CgHgO3, 153.05517), 171.06911 [M +
HI* (calc. for CgH4404, 171.06573).

[0035] Here, the properties of 3,5-dihydroxy-4-meth-
oxybenzyl alcohol, which was separated and purified, will
be described. The properties are pale-yellow powder and
show lipid solubility and water solubility. It was confirmed
that the 3,5-dihydroxy-4-methoxybenzyl alcohol was a
phenolic compound as illustrated in Fig. 8.

[0036] Methods for measuring an antioxidant sub-
stance in a food product have been variously reported.
However, all the methods have a drawback and an ad-
vantage, and therefore the method has not been stand-
ardized or determined as an official method (confirmation
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of validity of an analysis value). However, in the United
States of America, a supplement and a beverage with an
ORAC value have already been on the market. This trend
is becoming a world standard. Accordingly, in this work-
ing example, the antioxidative potency is measured by
the ORAC method.

[0037] A research conference that studies on employ-
ing the ORAC method as an official method (Antioxidant-
Unit Research Association) has already been founded in
Japan. The ORAC method has advantages in that both
a soluble sample and a liposoluble sample can be meas-
ured and the above-described any organic solvent frac-
tions can be measured. One measurement by the ORAC
method can evaluate both the duration and the titer of
the antioxidant effect, and therefore, for example, an ex-
periment operation is simple. The ORAC method was
considered to be advantageous in measurements in this
working example.

[0038] Now, the measurement principle of the ORAC
method will be somewhat described. First, in the case
where constant reactive oxygen species are generated,
the fluorescence intensity degraded by the reactive ox-
ygen species is measured, and the curve of the fluores-
cence intensity decreasing over time is depicted, the rate
of decrease in the fluorescence intensity of the fluores-
cent substance is delayed by coexistence of the antioxi-
dant substance with the reaction system. Accordingly,
with this principle, the presence of the antioxidant sub-
stance can be confirmed (see Fig. 9).

[0039] The antioxidant capacity of the 3,5-dihydroxy-
4-methoxybenzyl alcohol according to the presentinven-
tion was observed by the ORAC method. Then, a delay
period was present, in the same manner as a reference
material (Trolox), and high antioxidant activity was ob-
served (see Fig. 10). In the present working example,
the ORAC method was employed for investigation of the
above-described supernatant 8. Accordingly, 3,5-dihy-
droxy-4-methoxybenzyl alcohol featuring high antioxida-
tive potency was found in the ethyl acetate fraction.
[0040] Next, in both oxidation experiments of cultured
hepatocyte and a low-density lipoprotein (LDL), the anti-
oxidant activity of the 3,5-dihydroxy-4-methoxybenzyl al-
cohol is revealed.

(Antioxidant activity of the substance to the metal oxida-
tion of normal human LDL)

[0041] When normal human LDL is oxidized by copper
sulfate, 3,5-dihydroxy-4-methoxybenzyl alcohol was
added, and the degree of oxidation of the LDL was quan-
titated by a TBARS method (see Fig. 11). When the sub-
stance was added at 180 pM, similarly to Control (0 M),
lag-time was not observed. The Lag-time refers to a pe-
riod where a rise of a curve is not observed. It is deter-
mined that, as the time increases, antioxidant activity oc-
curs. However, the lag-time was extended by dose de-
pendency. The lag-time was 2 hours for addition of 270
wM, 4 hours for addition of 360 wM, and 5 hours for ad-
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dition 450 wM and 540 uM. It was confirmed that the 3,5-
dihydroxy-4-methoxybenzyl alcohol reduced the metal
oxidation of the LDL.

(Observation of an antioxidant capacity using a hepato-
cyte culture system)

[0042] Diphenyl-1-pyreniphosphine (DPPP) does not
generate a fluorescent light itself, but generates a fluo-
rescent light by oxidation. Fig. 12 illustrates the principle
of the fluorescence of the diphenyl-1-pyreniphosphine
(DPPP). Using the fluorescent dye, the degree of oxida-
tion of a cell line (C3A) in a liver was observed.

[0043] A cell where the 3,5-dihydroxy-4-methoxyben-
zyl alcohol according to the present invention had been
added was cultured for 5 days. The cell labeled by DPPP
was oxidized by 2, 2’-azobis (2-methylpropionamidine)
dihydrochloide, and then the fluorescence intensity of the
DPPP in each cell was measured. As a result, compared
with the cell where 3,5-dihydroxy-4-methoxybenzyl alco-
holwas notadded, the added cell exhibited concentration
dependence and low fluorescence intensity. It was con-
firmed that the antioxidant substance, 3,5-dihydroxy-4-
methoxybenzyl alcohol, reduced the oxidation (see Fig.
13).

[0044] As described above, it was apparent that 3,5-
dihydroxy-4-methoxybenzyl alcohol featured an antioxi-
dative property. The 3,5-dihydroxy-4-methoxybenzyl al-
cohol can be extracted from an oyster meat extract effi-
ciently according to the present invention. Accordingly,
alarge amount of an antioxidant composition and an anti-
oxidant can be recovered from the oyster meat extract
and produced efficiently.

[0045] To confirm the constitution of 3,5-dihydroxy-4-
methoxybenzyl alcohol, the inventors of the present in-
vention conducted a chemosynthesis of 3,5-dihydroxy-
4-methoxybenzyl alcohol, and have succeeded the
chemosynthesis.

[0046] Fig. 16 illustrates all steps of the chemosynthe-
sis. The nuclear magnetic resonance spectrum (NMR:
AMX-500, Bruker, Karlsruhe) and the mass spectrum
(LXQ, ThermoScientific, Waltham) of the synthesized
substance were measured to confirm the constitution.
First, potassium carbonate (4.50 g, 32.6 mmol) was add-
ed to a dimethylformamide (DMF) solution (45 mL) with
a methyl gallate (5.00 g, 27.2 mmol), and the solution
was stirred for one hour at 85°C. Then, methyl iodide
(4.00 g, 28.2 mmol) was gradually dropped and stirred
for 30 minutes in an ice bath, and further stirred for 24
hours at room temperature. Reaction liquid was filtered,
purified water was added, and extraction was performed
with ethyl acetate. The separated ethyl acetate layer was
washed with saturated saline and dehydrated by sodium
sulfate.

[0047] After concentration, the extract liquid was puri-
fied by silica gel column chromatography (solvent: chlo-
roform — chloroform-ethyl acetate (3:1, v/v)) and ob-
tained 4-methoxy form of 2.79 g (yield: 51.9%).
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Condition

[0048] 'H-NMR (500 MHz, CD30D) §,: 7.01 (2H, s, H-
2, 6), 3.85 (3H, s, -OMe), 3.82 (3H, s, -OMe); 13C-NMR
(125 MHz, CD30D) §4: 168.5 (-C = O), 151.7 (C-3, 5),
141.2 (C-1), 126.5 (C-4), 110.1 (C-2, 6), 60.7 (-OMe),
52.5 (-OMe); ESI-ITMS, m/z199 [M+H]*, 197 [M-H]-.
[0049] Next, a tetrahydrofuran solution (4 mL) with 4-
methoxy form (560 mg, 2.8 mmol) with methyl gallate
was dropped carefully to a tetrahydrofuran (THF) solution
(6 mL) with lithium aluminum hydride (469 mg,12.4 mmol)
in an ice bath (0°C). Then, the mixture was stirred for six
hours at 60 to 65°C, ethyl acetate and a 10% sulfuric acid
aqueous solution were added to the mixture, and then
the reaction was stopped. Purified water was added to
the reaction liquid, extraction was performed with the
ethyl acetate, and the separated ethyl acetate layer was
washed with saturated saline and dehydrated by sodium
sulfate. After concentration, the extract liquid was purified
by silica gel column chromatography (solvent: chloro-
form-methanol (50:1, v/v) — chloroform-methanol (50:3,
v/v)) and a reductant, that is, synthetic 3,5-dihydroxy-4-
methoxybenzyl alcohol of 175.9 mg (yield: 36.6%) was
obtained.

Condition

[0050] 'H-NMR (500 MHz, Acetone-dg) §,: 7.82 (2H,
br.s, aromatic-OH), 6.40 (2H, s, H-2, 6), 4.42 (2H, s, H-
1’), 3.94 (1H, br.s, -OH), 3.79 (3H, s, -OMe); 13C-NMR
(125 MHz, Acetone-dg) 3c: 151.1 (C-3, 5), 139.4 (C-1),
13, 5.1 (C-4), 106.5 (C-2, 6), 64.5 (C-1’), 60.6 (-OMe);
ESI-ITMS, m/z171 [M + H]*, 153[M-OH]J*.

(Comparison between 3,5-dihydroxy-4-methoxybenzyl
alcohol and the physical parameter of the synthetic com-
pound)

[0051] Between 3,5-dihydroxy-4-methoxybenzyl alco-
hol and the synthetic compound, various spectral data
ofthe above-described TH-NMR, 13C-NMR, and ESI-MS
coincided and the duration of HPLC and the mobility of
a Thin-Layer-Chromatography coincide. It was con-
firmed that 3,5-dihydroxy-4-methoxybenzyl alcohol ex-
isted in the synthetic compound.

[0052] Asdescribed above, 3,5-dihydroxy-4-methoxy-
benzyl alcohol, which is the antioxidant substance ob-
tained from the oyster, can be said to have a highly hy-
droxylated aromatic compound. Up to now, it has been
reported that a hydroxylated aromatic, namely, phenolic
compounds include many substances featuring antioxi-
dant activity, such as chlorogenic acid represented by
caffeic acid, nigrin group, and flavonoid.

[0053] Itis known that these substances produce anti-
oxidant activity by serving as a capture agent for perox-
ide, especially, peroxy radical (ROQO¢). Accordingly, the
antioxidant substance identified in the present invention
exhibited high antioxidant activity in ORAC where radical
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scavenging ability was observed and in cell experiments
using AAPH. This strongly suggests the possibility that
the substance can produce an antioxidant capacity serv-
ing as a radical scavenger.

[0054] The substance purified according to the present
invention features an amphipathic nature. However, the
substance had an ORAC value three times of that of L
(+)-ascorbic acid, which is broadly used as one of the
few water-soluble antioxidants. Accordingly, there are
high expectations for the effect of the substance as an
antioxidant. Reduction of oxidation of the LDL by the sub-
stance in a dose-dependent manner suggests an effect
that the substance produces an anti-atherogenic action
through preventing oxidation of the LDL.

[0055] On the other hand, to observe oxidation of a
living cell in real-time, a probe such as cis-parinaricacid
(PnA), fluoresceinatedphosphoethanolamine, and unde-
cylamine-fluorescein have been developed. Among
them, PnA is frequently used as a probe for observing
oxidation of a living cell. However, it is reported that PnA
often exhibits cytotoxicity and affects physiological activ-
ity of a cell.

[0056] The DPPP used inthe presentinvention did not
affect cell proliferation, cytotoxicity, or similar reaction for
at least three days. It has been reported that the DPPP
and the oxidized DPPP localized at the cell membrane
of the living cell were stable for at least two days. The
DPPP does not generate a fluorescent light itself, but the
oxidized DPPP generates a fluorescent light. Using the
DPPP, conventionally, a method for observing a lipid per-
oxide of a living cell has been established. Antioxidative
potency of a vitamin E was confirmed using human mono-
cytic lineage cells (U937) in suspension.

[0057] In the present invention, the antioxidant sub-
stance significantly reduced oxidation of a C3A cell,
which is a cell line derived from a liver. This suggests
thatthe substance according to the presentinvention can
produce antioxidant activity atleast even in a hepatocyte.
With this result together with the above-described reduc-
tion of LDL oxidation, there are high expectations about
the effect of the substance as an antioxidant.

[0058] As diseases associated with oxidant stress,
conventionally, arteriosclerotic disease has generated
much interest. In recent years, an ectopic fat storage dis-
ease such as a non-alcoholic steatohepatitis (NASH) has
been drawing attention. In NASH, itis known that reactive
oxygen relates to a hepatocellular necrosis, inflammatory
cytokine production, and liver fibrosis. In NASH, it is re-
ported that an oxidized LDL concentration is high in the
blood. Furthermore, it is reported that an increase in the
inflammatory cytokine production in NASH and a hepatic
stellate cellinvolved in an increase in collagen production
are activated by the oxidized LDL. Novel antioxidant sub-
stances from oysters found in the present invention can
be highly expected to contribute to prevention of NASH.
[0059] Thus, the present invention has found a novel
antioxidant substance from an oyster and has deter-
mined the chemical constitution as 3,5-dihydroxy-4-
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methoxybenzyl alcohol. Further, the chemosynthesis
method has also been determined. Furthermore, the
ORAC value of the substance according to the present
invention is 1.24 = 0.3, 5 pumoITE/umol in the purified
productand 1.47 = 0.40 wmolTE/pwmolinthe synthesized
product. The substance showed a high antioxidant ca-
pacity between those of a chlorogenic acid and L(+)- the
ascorbic acid of a water-soluble antioxidant.

[0060] The substance according to the present inven-
tion, 3,5-dihydroxy-4-methoxybenzyl alcohol, showed an
antioxidant capacity in a dose-dependent manner to met-
al oxidation of human LDL. Also, in the antioxidant ca-
pacity experiment using a C3A cell, the substance
showed an antioxidant capacity in a dose-dependent
manner.

List of Reference Symbols
[0061]

extraction container

extraction solution

raw oyster meat

ethanol solution

ethyl acetate

concentrated liquid

precipitate

supernatant

concentrated liquid of supernatant
0 diluted solution

=2 OO NGB WN -

Claims

1. An antioxidant, comprising 3,5-dihydroxy-4-meth-
oxybenzyl alcohol.

2. An antioxidant composition, comprising 3,5-dihy-
droxy-4-methoxybenzyl alcohol.

3. An antioxidant constituted comprising 3,5-dihy-
droxy-4-methoxybenzyl alcohol contained in a prod-
uct generated from an oyster meat.

4. An oyster meat extract with an antioxidant, compris-
ing 3,5-dihydroxy-4-methoxybenzyl alcohol con-
tained in an extract extracted from an oyster meat.

5. A method for producing an antioxidant composition,
comprising:

recovering a 3,5-dihydroxy-4-methoxybenzyl al-
cohol fraction from an oyster meat using ethyl
acetate.

6. A method for producing an antioxidant composition,
comprising recovering a 3,5-dihydroxy-4-methoxy-
benzyl alcohol fraction from an oyster meat using
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ethyl acetate and ethanol.

7. A method for producing an antioxidant composition,
comprising:

storing an oyster meat in an extraction container
where an extraction solution is accumulated;
collecting a solution with an oyster meat extract;
adding ethyl acetate to the collected solution
with an oyster meat extract; and

recovering a 3,5-dihydroxy-4-methoxybenzyl al-
cohol fraction.

8. A method for producing an antioxidant composition,
comprising:

storing an oyster meat in an extraction container
where an extraction solution is accumulated;
collecting a solution with an oyster meat extract;
adding ethyl acetate and ethanol to the collected
solution with an oyster meat extract; and
recovering a 3,5-dihydroxy-4-methoxybenzyl al-
cohol fraction.

9. A method for producing an antioxidant composition,
comprising:

storing an oyster meat in an extraction container
where an extraction solution is accumulated;
collecting a solution with an oyster meat extract;
adding ethanol to the collected solution with an
oyster meat extract to separate the solution into
a supernatant and a precipitate;

removing the separated supernatant;

adding ethyl acetate to the supernatant to sep-
arate the solution into an ethyl acetate layer and
a water layer;

concentrating a solution of the separated ethyl
acetate layer; and

recovering a 3,5-dihydroxy-4-methoxybenzyl al-
cohol fraction.
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